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B OE: (8] AERAERH T B AT A RKS B, AR LRIRIE IR0 222 A (04
M, A RFERLERA FRAMRIE, [F %] A PDA FHRABRA EMIEFE T 5 B sl B .
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Identification and physiological characteristics in cultivation of
fungal strain MJAU ECO021 isolated from brick tea
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Abstract: [Objective] The preponderant strain was isolated from brick tea. Studies on its physiological
and biochemical characteristics in cultivation, which provide the basis for the actual production of brick
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tea fermentation. [Methods] Strains were obtained from brick tea by dilution plate method in PDA.
Based on common fungus fermentation method, the culture conditions was selected by the single factor
method, and than culturing conditions were optimized using response surface methodology. Contents of
reducing sugar, polyphenols, enzyme activity and antioxidant capacity from fermented liquid were
determined. [Results] The preponderant strain was identified as Eurotium cristatum by the morphology
and ITS sequence analysis. The optimization culturing conditions were: 187 r/min, 10 d, 28 °C. And
then yield of biomass was 21.52 g/L. The four kinds of extracellular enzyme activity reached the
maximum value at 10th days, meanwhile extracellular polyphenol (EP) 0.588 g GAE (gallic acid)/mL
at 9th day. The fermentation liquid of E. cristatum showed antioxidant activity against
1,1-diphenyl-2-picrylhydrazyl (DPPH) and hydroxyl radical. The scavenging effects towards DPPH
and hydroxyl radical were 90% and 94%, respectively. [Conclusion] Fungal strain MJAU EC021 was
E. cristatum. And then the fermentation liquid had good antioxidant capacity, which is a potential
antioxidant additive.

Keywords: Brick tea, Eurotium cristatum, Response surface methodology, Extracellular enzyme,

Antioxidant activity

A AL G R 2, 327 DX v )
A, D b — o P e AR PG P B M X R
B H H AT YO . DR ZAE HA AT iy A A1
FErh, G 32 B AR — A 4 R e SR R TR
[Eurotium cristatum (Raper & Fennell) Malloch &
Cain], fdEARA% 28 HA AR S BRI . PHZTE Y
PR A, U FR e e B R
(Eurotium) 2 W 55 J& (Aspergillus) A PERI S, AHXT
TilhE R, BA DB E T . &
SRR TR R e (4SRRI AR, R
PUEh BRI i S T4 2 Bk i v
HE— 2D AYHTER o T 5 R T R BT REAS RO A
BRI, AT B A PR AR I8 TR AR Y 20
S TRt 43000 B o Ml T AR S K A A 0 31
Zo MR AR £ L S R A L el g e
PRI R BT B i s A s A U, F
SIS RIHIME A Y Flavoglaucin BA H AL /E M,
AE . b o 5 A U . A DL S - TE R T
A 7 7 40 R 7 1 3 4,

TEARTE 2 R R Jm BB, IRFE 2R R K F 2
HOIECBAL™), HAGHE BT 4w IIEY
PRAE 2SRRI . B, 28" s A M A
TE TR DA CEAR) A R4R, BT LRI 2
HRBE (0 TR AR BN g SRR 2% R I I Y O

SEBTBL, IRIEAS A SRR TEBIRAE K I R O
FE MR EEE R (Eurotium spp. ) IRE W) . FRAT TS
H U TE T iz 2l 3% 3% 07 0 328 10 AR A% 45 A T o)
LA TERR, IF H AR A LA R TE AR 5 57
iR — SR AR A SRR B, R LA
PRI IR AE K 5 o X7 TR RIS URE AT B T R AL
PEFERAEIE R, DU E R FRAECR,
FIREA B TP m R A 25 1 BT i

1 HESh

1.1 SRR

111 #E&: RS, WM EVHERRT A RAF
FZAL), Wifh 55 BSXTF1009,

1.1.2  $5FRE: PDA [RIEFREE A TR ARSI |
WA b S R (R C 1) D0 SCHiR[15-16]

113 EFEZERF: Tug Mix DNA 45 . DNA
Marker W4 H K& E AP TREARAE ; IR A
Spanish 23 7] ; #1:7 DNA i RIS & . PCR 974
SIE H A TAY TEEARAGRAF; 2
NN | o T (YAl B s e o el
WHARABRA T 5 1,1- 383 -2-9% 3L Pk (DPPH) |
2,2- 3 A - = (3- & B R I WE Rk -6- B TR )
[2,2'-zino-bis(3-ethylbenzthiazoline-6-sulfonic acid),
ABTS B At h A s BHEABR A\ HAB I R
BRG]
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1.1.4  FZEF: MR KF ME204E 1 F 95
MFERI AR AR FVEEKAE DK600 14
B IRRRG 7 S A A B Wl 5 H kA TY-SPCT 1
Atz — 088 X mEE LIl 5424 F
Mastercycler pro £/% PCR {35 H 3¢ E Eppendorf 2%
F]; ChemiDoc MP 4= BB EE R AR F 22 B R
ONEL Y GE 44X3A T FIEDEEIES—)
1.2 #MRAZE

121 HBEE: (1) RS LIRS 5
T RIEEZNEE : SHERFRR AR, 1
TCRIAEE T K B BT BUCHCR AR A% A5 PR A i (7
A A BE )5 RETE PDA [HARS 3 54T , 28 °C
fERSEFR 1 JE)E, PRBURTRE T 7 e alifh . AR
[ AE KA DU IC SR VR B SRR, B 20 A B
PREEHE TR SR D, fFRKW 50%/5A 4 °C
TRAE, &3 DT RERE TIE AL BRI O, (2) ITS
JFHIE . S patEl s, SR CTAB E4RE
M DNA, PLITSI F1ITS4 Jy PCR 9" 345 | ¥4 T
BRITS XY 38 %) PCR Py AU e (DU
ES AN Wl o L U8 o ) 1l e R
AT HATIT

122 EFFHENEYVEHEM: (1) HREEN
oM. BOGILAF PR 1% i 2 L
gt RN BRI —MRAE 28 °C A£f5 .

PR ARSI e S SRR R 28 °C, HRIRFE #4151
BEE N 130, 150, 160, 180, 200 r/min, JELEK
10 d, REZabERNAY R, Dfie Rt
e, (2) FEFRmITIRZm . BUSLIRDFIEE 1%
PR A B R Bk SR D, BRI 28 °C, &
PRy IE SRt 47 2, 4. 6. 8. 10, 12,

14 RICR BB T A P R, DA e fe fI I
BFE], (3) BEFRIREESEN . BUE AL AT A% 1%
PR A B R BRI, W BRI 15,19,
22, 25, 28, 30 °C, fARMIEFREGH, RAILHEEFR
ik PR & B 0 AR e A TR, DA e LR 5%

TR,

1.2.3 M EEWIZIT: I Design-Expert 8.0 X
PEEAT e N SR e, DL SRR LRG R
ROIA R, RO BRI B RIR
3IAHE, TERFFELE RS R 3 HE 3K
AT N 3BT (3R 1)

1.2.4 BUHERAEN: BUGILHFT-HRIE 10%2ZF
R R BRI, SRR IR A R AR
TR 30 mL HF BRI IE IR, 4 000xg B0
20 min, HRETEWST A0 A s B . 2
A1 b A AL RE

(1) WSO 5 . R DNS 317, Anifeith
RITFER ¥=72.593X+0.024 9, R*=0.994 3, Hrp vy
WG, X RERREE , R*=0.994 3, ZRPETE RN
0-12 g/L,

Q) L& EME: B S mL B.OERN FER,
FRTRCTRCTE#I 3 K, ARG IFRA AR 2
5 mL, XH] Folin-Ciocalte "85 5 % ek 2 1
(Extracellular polyphenol, EP)& &, FHEE TR
(Gallic acid, GAE)INERFRZEFH, WET
FRbRAERAREINZR S Y=11.676X-0.086 7, R*=0.998 7.,
Horb y MWOLEE, X OMFERRIE, R=0.998 7, Ltk
TG} 0-1.2 ¢ GAE/mL,

(3) WA B AE i B AR g A 202
FITIR A R0 A I L T R 4 P
TR BLAT R . A 2R LG BB 1) R
O 2F 2 25 Wi 15 S5 - 1% R WP L4 4k E 4
(CMC-Na)iA T 0.1 mol/L pH 4.6 C,H;0,Na-C,H,0,
ZepUE ] 1.9 mL, AW EIHW 0.5mL, 40 °C K

x1 WMEESHERSKE
Table 1 Analytical factors and levels for RSA

5SS IK3E Levels
Factors i 0 1
## Speed (r/min) 140 180 220
“IFEATE] Incubation time (d) 8 10 12
FEFRIRE Temperature (°C) 26 28 30
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AR 30 min J5, SZEPMIA 1.5 mL DNS 5,

AU 5 min, BURREH, HZEBKRRES 30 mL,

500 nm il OD fi, 53 4, KFIHME. LIPS
R TE I WAERT IR i d a2, 115
CMC-Na ¢ & H L2 4k 2 ifg 53 fife 110 7 260 8 55 4t

1 NS AL U 2 SORRRSMBP A A 1 nmol 7 45 B
v TR R, 2) WA : 1 mL 0.5 mmol/L 1
ABTS, 1 mL pH 4.0 % 0.2 mol/L Na,HPO4-C¢H;0O4
GEMRA 0.5 mL & E VS SO IR AN 2R vl
A7, P L EE FWRE SR, B 10 min 0 5%
420 nm & OD {EM7EML, 803 41, SKP-34ME. Lim
PRI ) K e I WRAVEXT IR 1 AN SR U
KA R THIE OD (HINAb . 3) ZE b
FitE 4 ; 5.4 mL 0.2 mol/L pH 6.8 Na,HPO4-NaH,PO,
ZEPIRU, 0.4 mL 0.02 mol/L ARA4 MY , 0.5 mL
Mg ; 7 30 °C fHIRAKWE th A THEAE S 15 min,

BHIET 420 nm BFEKWE OD 18, %3 4, KF
Bl DUIMATCE I K % WA IR 1 A
Hfi U & OB R T OD {728k o

4) FEABHEME: 0.9 mL 0.5 %MEHE A (FihE
30 °C)FikE R, fnA 0.5 mL & EE iSRS,

30 °C i 10 min, JIA 1 mL 10 %) =& LR, %
A], HE, L uE, B 0.5 mL P8, Jin 3 mL 0.55 mol/L
Na,COs3, 0.5 mL #&M-BrlHIFES), 30 °C i
15 min, F 650 nm % OD i, 8 3 41, KFH(H.
DABEAICE (9 K W I MAVERT IR 1 ARG BAAL U

SRR TR OD (H {5

(4) PLEALRESIOIE . DPPH H TR
TR e AR A P2 b AT o % ) PR S R
FE Sy gt AT
2 ZR545H
2.1 EHRBSBERERSEEME

PDA 7B VHAE 28 °C fHiRESFE 1 S, Ko
BFAR B 30 NMEE . BlEAF R — R YE PRIE
FFEFER Y PDA SEAR L, 28 °C fEIRKEFE 1 8,
Hrr 20 TR BT IEAC B H B T
TESRHEAT, 8O P75 0] B IRAL A R AL T
PR ER, DR BGX e M AFSE H AR, K
B 1 TR AR EERT PR B Al AL B 3R 9T g 5 o8 MIAU
EC021, HAY 10 NERE ITS A0 Mr LA S 85
W, RN, TR, UEE. TR
. Btk MIAU EC021 7E PDA Bi3#%E | 28 °C 1%
7210 d BEIE AR N 2.99 cm, 7ERMEE T, H%
W22 o, I AB ORI ER G, A/0ER
M s R/ NIIR . TR N BESE, Tl ON
o, HPSUEEY, BA —Z4iEmilEeE, St
W, PRER SR R B L M (IR 22) FElSE . iR
JEl, WRARYEEA, ARy BEEED A
D)o FEEZE . BT FRE 25 ChEER
& T Y5 E. cristatum TR A —3Y
HETIEESFRIEES, WK H Pk MIAU EC021 %55E
R ST

1 EHRFZSHHE

Figure 1 Morphological characteristics of strain

Note: A: Ascocarps on the surface of colony; B: Mycelium on the edge of colony.
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B2 BEHRBRHEHE
Figure 2 Microstructure characters of strain

TE: A MEfIT; B: THAT; C: TH

Note: A: Conidia; B: Ascospore; C: Perithecium.

2.2 ITS F5IaH

FIH ITS @51 ATS1, ITS4)X Rk MIAU
EC021 (Y ITS FFFIi#E4T PCR 9748, K124 600 bp
) DNA FL—Z%H7, XF v e i) BH I D i e A 5 0l
M, HRE MIAU EC021 14 ITS ¥4 635 bp.
JFH1$E5¢ GenBank F#E1T LU, T4 5k MIAU
EC021 AU R T 90%1)551, FIFH MEGA 6.0 4%
I Neighbour-Joining VA HE R G LB, 521k
(B 3), Bk MIAU ECO021 56 58 i % 14
SAB-A2-T f4 ITS J£ 41 (JX869560)AHBITE H5 15 99%,
AR IR E NS R, AP MIAU EC021

RS BE R (E. cristatum). K MJAU EC021 1)
ITS 41 GenBank 55}y KT203369.

23 EFEHIEYERIEN

231 IEFEEENE R MIAU EC021 £ 4181
FoMa: [EE KRR FRET R 10 d, KiFRE A
28 °C, WFFRAEHLH K MIAU EC021 A4
M . 255K 4R, 280G AY R EA
EHEAE R, HBEE s, AYaikRg
AN, 245553 180 r/min A A= ¥4 3k B K AE
19.05 g/L, BRI TR, e s iiit sl

180 r/min,
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Eurotium cristatum MJAU EC021 (KT203369)

Eurotium cristatum SAB-A2-T (JX869560.1)

80 Eurotium cristatum EN220 (JQ743649.1)

0.01

Eurotium cristatum DHMJ10 (JN986762.1)
spergillus pseudoglaucu ATCC 66457 (AY373890)
98
Aspergillus reptans DBOFS8 (JQ724369)
Aspergillus ruber SRRC 2172 (AY373891)
Penicillium coffeae NRRL 35363 (AY742702.1)

3 E#k MJAU EC021 B9 ITS 5 NJ B L #
Figure 3 NJ phylogenetic tree based on ITS sequences about strain MJAU EC021
TE A 3B B T4k A HT B 1000 YRS 1) A AHE(>50%) 5 #55 PIAIME N GenBank USR5 5 22 5H(0.01))2 1% 19T

HI2E5E, B 100 MEIFRRIFHA | AT BRI sl 5 B #5878

Note: Numbers at nodes indicate the bootstrap values (>50%) based on Neighbour-Joining analyses of 1 000 resampled datasets; Numbers in

parentheses are GenBank accession numbers; Bar: 1 nucleotide substitution per 100 nucleotides.

232 EFREXE MIAU EC021 £¥SHE
M. 5 & B SRR N 28 °C, %34k 180 r/min,
W5 AR RE SR BT B R MIAU ECO021 A:=#1)
oM, B S S5, BEFR R AR Py i s e
J B, MREERECH 10 d BB —ORE, H
PR 19.21 g/Ls BlAE RTEREE N, AR
MFRE, R, e st RECh 10d,

233 EFIBREMEFK MIAU EC021 £ERIE
M. 7E i 180 r/min ., BERMHE] 10 d BT

251

Biomass (g/L)
—_ — [\*)
o W !

W
T

0 1 1 1 1 1 1 1 1 1
120 130 140 150 160 170 180 190 200 210
Speed (r/mim)

B 4 EFEEIEYENFIT

Figure 4 Effect of speed on biomass

B[R SRR B X A s s 6] 6 5 LRI
TE 15-28 °C JEFINFE#E MIAU EC021 A4 bR
T, RRERE ST 19 °C, AW
MR TR EA HERULEERE R 28 °C, E
YriEh 19.38 g/L,

Zi b, BRRLEEY, Bk MJIAU EC021
AR E N 180 t/min, BICEIRIEE N
28 °C, A ATENTTE 2 10 d,

20
18
16
14
12
1

Biomass (g/L)

SN B N O
T

0123456789101112131415
t(d)

5 EFEEXEYEFN

Figure 5 Effect of time on biomass
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25 2.4 EHk MJAU EC021 4 4712 A0 N7 E 4k
wl . . BORROHE T O LU (A) | BTt
= |& S * [1(B) . B FRIIE(C) B SR PAE , Btk MIAU EC021
§ 15 AR N A (Y), #6473 IR 3 ZKF- e 1 T A
g w0l S, STHE A R 2. LU R (A,
2 F| FH Design-Expert #{4:%) 3 2 #E47 — ik Z It [B1H
i o EEVEYRAEEE ) . WHERTB) . B
ob— JEOW R Z W3 )5 fE: Y=—1 754.702 63+

14 16 18 20 22 24 26 28 30

Tomperature (°C) 2.010 624+45.630 628+96.972 88C-0.011 312 AB+

2.531 25x10°4C-0.258 13BC—5.271 25x10 > 4>—
1.852 25B%-1.685 38C, VI MM {E (V)1 3 M ZE

FE(A) . EFERTAI(B) . B FRIRIE(C)2 IS B AR

6 EFREXNEVERFN

Figure 6 Effect of temperature on biomass

2 Box-Behnken N[ SR8 1% 1T R & REHE =

Table 2 The Box-Behnken design and experimental results of response surface methodology

Gt7/hii

Fe LET s} [ i Biomass
No. Speed (r/min) Time (d) Temperature (°C) (g/L)
1 180 10 28 7.03

2 140 12 28 10.81

3 140 8 28 3.54

4 140 10 26 21.80

5 180 10 28 6.01

6 180 10 28 21.21

7 180 10 28 10.81

8 220 10 26 8.39

9 220 8 28 2.30
10 180 8 30 21.03
11 180 10 28 6.02
12 220 12 28 10.17
13 180 8 26 22.00
14 140 10 30 3.91
15 220 10 30 3.01
16 180 12 26 21.99
17 180 12 30 5.66
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Figure 7 Interaction effect of culture time, speed and temperature on biomass

AR (K 7). i#3d Design-Expert #4158 387t
1B 25 KR B A 261« 5% 3 186.97 r/min,
FFRmE R 9.79 d, FEFRIREE N 28.16 °C, A
R A Hp =l 21.88 g/L. % IERISLPRTE
B, AT S AR R R SRR - %3 187 r/min,
RiFRitiE] 10 d, 3R 28 °C, FEBLARAMF T e
AYrErEh 21.52 g/L,
2.5 HE#k MJAU EC021 BYBRSMEG RISk
FERFE MIAU ECO21 ARG R B2, st
TRt P9 7 A e ) RS PR AR A AR R 22 5 (K] 8) 2P 4R
RS EREM PG TR )5 BT, B O (B
MAERRERRFRIEE 4. 10 X, eoRfE)E 2.785 U/mL;
21 S AL S MEAE SRR IR, WO B I U
B, TE5 6-10 KT EIE sk B2 5 3k B i K
(1.078 U/mL), BlJSZ&MT FRE; 8BRS e R
FRI AR, 7B 10 K AR AR i

KAH 4.792 U/mL; FEFAEEEFRES 6 KT I AL
4024 U/mL, 7E55 10 KIAFIIE(E 2.23 U/mL,
2.6 Etk MJAU EC021 BYiERHETS (L

PPk MJAU EC021 7EVRIRSER F-AIH , KR Riiid
JrbE ) & a th BRI B, FESE 34 RZME], i)
Wi 2URIED AT REAE I ) TR 22 AR A R 5
WEFHTH AR, 2R 28 TG
FEAREFE— e Ju NN (E 9).
2.7 E#k MJAU EC021 RIS ERE BTk

Rk MIAU EC021 7EMREE TR0 o 2 5
ARG, AR FRRI R, AN
BN AN B F B A 4 d Z R TFAR 2RI N,
TE55 7 Rk K (H 0.588 ¢ GAE/mL, FJ5 54357E
ZAKEBAT R AR R (E 10),
2.8 MEAMNFEHEHTL

PR MIAU EC021 ) &K BEE T DPPH., ¥ H i
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B8 BRI IEPIINEEETN
Figure 8 Activity changes of extracellular enzyme of strain during liquid culture
TE: A: P4ERTE; B: ZMALEE; C: ENM; D: B
Note: A: Cellulase; B: Polyphenol oxidase; C: Protease; D: Laccase.

- 18 - 18

S 16 F S 16 F

R g

g 12 g 12 F

= =

g 10 8 10

= =

s 8r ’/’/‘\/‘\N—N/o—. S 8r ’/’/‘\/‘\N—N/o—.

g8 6 g8 6

2 2

g *r g *r

3 2r 3 2t

é 0 1 1 1 1 1 1 1 1 1 1 1 ] é 0 1 1 1 1 1 1 1 1 1 1 1 ]

01 2 3 45 6 7 8 9 101112 01 2 3 45 6 7 8 9 101112
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B9 BEHiRiEIEFEREPERERENTK B 10 EHRKEFRISEDBEAINSHI ST
Figure 9 The reducing sugar concentration of strain Figure 10 The variation of the contents of EP during
during liquid culture liquid culture of strain
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FEERAIEERER] o TERS SR L WO DPPH H i
FEATEBRFREAR, 7R 5 RIGFRFIBRNE — 1 Ig(H
(74.3%), ZJaEM TR, 7655 7 K, X DPPH H
FH S 9 77 o 2 3K B B K {H 90.93% o [A] A A 7E 55
7 R, REERON R A SRR R RS B R K E
94.35%. KRBT DPPH., ¥ H i 3% bR & i,
MIoh 2wy Er MRS B, Msh 2
My i ARG, AR BT B AT PR AN S (8] 1),
RIERBU A LRE T Re S H 2 M &t A B YUIC R,
3 i

PDA /B35 3R B vk 2RI, [R5
FETR R VR o XSS RR TG YA, S A K B
Blo BRI AR, (HARERIA
HAB BRI AFTE , 78 A AL 2 v B4R A o AN ]
i AU ST B IR F T bR MIAU EC021 Jhyief 5 i
Hi(E. cristatum), 7F Samson 25171 Raper Z52°VH15%
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Figure 11 Antioxidant activity from fermentation liquid of strain
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Table 3 Comparison of enzyme activity

i ifg 7%
Enzyme activity (U/mL)
Enzyme

A B
L YEZE [ Cellulase 2.785 3.27
TEM A Amylase - 19.08
SBIETf Pectase - 69.31
- Protease 4.792 0.63
AEWilE Lipase = N
Z & ALEE Polyphenol oxidase 1.078 =

T A ASUMAMIRGTE 15 B BRE:A SO SO iR .
= EERERME; N: KA ENZE.
Note : A: Extracellular enzyme activity in this paper; B:

Extracellular enzyme activity from Chen et al'”. — Enzyme
activity were not determined; N: Not detected the enzyme.
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